The iap gene of Listeria species encodes protein p60. The comparison of iap-related genes from different Listeria species indicated common and variable regions within these genes which appeared to be specific for each Listeria species. On the basis of the iap gene sequences, pairs of polymerase chain reaction (PCR) primers which allowed the unambiguous identification of all members of the genus Listeria, of groups of related Listeria species, and of L. monocytogenes, exclusively, were selected. The PCR primers specific for L. monocytogenes yielded PCR products which represented essentially the repeat region of the iap gene. The size of these PCR products allowed an estimate of the number of the TN repeat units within the repeat region of the p60 protein of an L. monocytogenes strain. The data indicated that the number of repeat units differed among L. monocytogenes isolates.
chromosomal and plasmid DNA fragments were separated on a 1% Tris-borate-agarose gel (Tris-borate is 90 mM Tris base, 90 mM H3BO3, and 2 mM EDTA [pH 8 .0]) and blotted onto a nitrocellulose filter by the method of Southern (38) . DNA probes were labelled by the random priming technique (11) . Hybridization was carried out in a solution containing 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 5x Denhardt's reagent, 0.1% sodium dodecyl sulfate (SDS), 2 mM EDTA (pH 8.0), and 100 ,ug of denatured salmon sperm DNA per ml in 50% deionized formamide at 40°C for 20 h. The blots were then washed twice in 2x SSC-0.1% SDS at room temperature and then twice (30 min each) in 0.2x SSC-0.1% SDS at 60°C (stringent conditions). Nitrocellulose filters were exposed to X-ray films (Fuji-RXNIF) for 5 to 15 h.
PCR. In order to amplify the entire iap gene or portions of it from each Listeria species, PCR (32) was performed with various oligonucleotides (see Fig. 3 ). In general, the reaction volume of 100 [lI contained either chromosomal DNA (about 1 ,ug) or crude bacterial lysate (108 bacterial cells heated for 5 min at 110°C), 2.5 U of Taq polymerase (Pharmacia) in reaction buffer (10 mM Tris-Cl [pH 8 .5], 1.5 mM MgCl2, 50 mM KCl), and 200 ,uM (each) dGTP, dATP, dTTP, and dCTP. DNA amplification conditions varied in the annealing and elongation step and are therefore explicitly indicated in the figure legends. Each amplification reaction started with an initial denaturation temperature of 94°C for 3 min and was completed with a final elongation step at 72°C for 5 min. For cloning experiments the amplified DNA was purified on a Sepharose CL-6B column (9) and precipitated in NH4-acetate (2 M final concentration) and isopropanol (50% final concentration).
Cloning and sequencing of PCR products. After purification, the 3' ends of PCR products were filled in with 1 U of Klenow enzyme in a reaction mixture volume of 20 ,u1 containing 100 ,uM (each) dGTP, dATP, dTTP, and dCTP, 20 mM Tris-Cl (pH 7.5), 10 mM MgCl2, 50 mM NaCl, and 1 mM dithiothreitol, for 15 min at 30°C. The reaction was stopped by addition of 1 0.5 M EDTA. The DNA fragments were then phenol treated, precipitated, cleaved with SmaI, ligated in the plasmid vector pTZ19R (Pharmacia), and transformed into competent E. coli DHSa cells by using standard techniques (33) .
DNA sequencing reactions were performed by using the T7 sequencing kit (Pharmacia) with specific primers derived from iap-related gene sequences. DNA sequences were analyzed on a VAX computer system by using the Genetics Computer Group sequence analysis software package 6.2 (7) .
Nucleotide sequence accession number. 
RESULTS
Identification of species-specific and common regions within the iap genes of Listeria species by Southern hybridization. Previous studies using the entire iap gene as a hybridization probe for genomic DNA from different Listena species indicated the presence of iap-related genes in all Listeria species (23) except L. grayi. Similar results were obtained ( Fig. 1A and B) with iap gene fragments which were derived from the 5'-and 3'-terminal parts of this gene. In contrast, two fragments from the middle part of the iap gene hybridized specifically with genomic DNAs of all L. monocytogenes strains tested but not with those of the other Listeria species (Fig. 1C and D) .
Isolation of iap-related genes from the Listeria species by PCR, cloning of the PCR products, and determination of their nucleotide sequences. As shown in Fig. 2 , the entire iaprelated genes from all Listeria species were amplified by PCR when pairs of oligonucleotide primers derived from the 5' and 3' ends of the coding region of the iap gene from L.
monocytogenes (LislA and LislB [see Fig. 31 ) were used.
The sizes of the iap-related genes thus obtained were estimated by their migration rates in polyacrylamide gels (Fig. 2) and varied from 1.45 kbp for L. innocua serotypes 6a and 6b to 1.6 kbp for L. welshimeri, L. seeligen, and L. ivanovii. The L. monocytogenes EGD strain belonging to serotype 1/2a yielded a PCR product of about 1.5 kbp; similar sizes were obtained for the iap-related genes of L. grayi and L. murrayi. The resulting PCR product from each Listeria species was cloned in E. coli and sequenced. The comparison of all iap-related genes showed extended homologies in the 5'-and 3'-terminal parts but highly variable regions in the middle part of these genes (Fig. 3) . These sequence data support the hybridization results described above. The amino acid sequences of the corresponding p60-related proteins derived from the iap-related genes and the characteristic regions identified in these proteins were recently reported (22) .
Selection of PCR oligonucleotide primers for the unambiguous identification of all members of the genus Listeria. We tested the two primers LislA and LislB used in the abovedescribed PCR protocol to determine whether they were suitable for the specific, unambiguous identification of Listeria species. For this purpose we carried out PCR with genomic DNAs from a large number of frequently occurring gram-positive and gram-negative bacteria. As shown in Fig.  4 , only Enterococcus faecalis and Bacillus cereus also yielded clear PCR signals with these two primers. The sizes of these latter PCR products were, however, smaller than those obtained with the Listeria species. To test whether the gene products encoded by these amplified genes are related to p60 of L. monocytogenes, we sequenced 300 nucleotides from the 3'-terminal end of the PCR product of B. cereus and derived the amino acid sequence. We did not detect any appreciable homology with the iap gene or the p60 protein of L. monocytogenes or other Listeria species on the nucleotide or on the amino acid sequence level (data not shown).
We next tested another set of primers (UnilisA and Lis1B). UnilisA is derived from the conserved 5'-coding region of the iap-related genes. Figure 5 shows that these primers yielded PCR products with all Listeria species but not with E. faecalis and B. cereus. The sizes of the obtained PCR products were as expected and differed only slightly between the group consisting of L. monocytogenes and L. innocua and the group consisting of L. ivanovii, L. seeligeri, and L. welshimeri, in agreement with the nucleotide sequences of the corresponding genes (Fig. 3 ). In contrast, the PCR products obtained from L. murrayi and L. grayi were considerably smaller than expected, probably because of the annealing of the UnilisA primer to the iap gene of these two
Listenia species at an internal sequence other than the anticipated one. PCR primers for the identification of specific groups of Listeria species. On the basis of the previously described amino acid sequences of the p60-related proteins obtained from the different Listera species, four groups of Listeria species were distinguished (22) . The corresponding nucleotide sequences of the iap-related genes (Fig. 3 ) allowed the selection of specific PCR primers for the identification of these four groups. This was performed by changing the 5'-terminal PCR primer (Fig. 3) according to group-specific nucleotide sequences but keeping the downstream PCR primer (Lis1B) constant, as indicated in Fig. 3 . This approach is exemplified for L. innocua in Fig. 6A .T.G.....GT.*************************************A .G... explained the specific hybridization of DNA from L. monocytogenes isolates with a 500-bp gene fragment (12) and several synthetic oligonucleotides, all of which derive from the middle portion of the iap gene.
The comparison of the sequences of the iap-related genes allowed the rational design of oligonucleotides for a versatile identification protocol of Listeria species by using PCR. Application of two primers from the 5'-and 3'-terminal regions of the iap genes yielded PCR products for all Listeria species but not for any other bacterial species that were tested. The middle part of the iap gene, although highly variable between L. monocytogenes and other Listeria species, appeared to be constant for a given Listeria species or for a group of related Listenia species. By fixing the 3' PCR primer which derived from the common 3'-terminal part of the iap genes and varying the 5' PCR primer according to species-specific sequences from the middle part of the corresponding iap gene, we were able to identify L. monocytogenes and L. innocua separately. L. seeligeri, L. ivanovii, and L. welshimeri showed high homology within the middle part of their iap genes, and a PCR primer deriving from this region yielded a PCR product with only this group of Listeria species. As our unpublished data showed, the iap-related genes from L. murrayi and L. grayi were highly homologous in this region, which differed from the corresponding regions of the iap-related genes of the other Listenia species. This allowed again the selection of a 5' PCR primer which identified these two Listeria species only.
As shown previously (23) 
